Abstract This study introduces a flexible indicator of dietary acculturation that measures immigrants' eating behavior relative to U.S.-born persons. Using 24-hour dietary recall data from the continuous National Health and Nutrition Examination Survey pooled across multiple years from 1999/00 through 2009/10, we developed and tested the validity of the ''Food Similarity Index'' (FSI), which indicates the similarity of the foods consumed by individuals to the foods most commonly consumed by same-aged U.S-born persons of all racial/ethnic groups. We demonstrate its utility here for children and adults of four racialethnic groups. FSI was positively associated with the consumption of common American foods and negatively associated with eating Hispanic and Asian foods. In addition, FSI was associated with generational status among all racial/ethnic groups and duration of U.S. residence among Hispanics. FSI was also negatively associated with the Healthy Eating Index 2010. The FSI enables researchers to compare immigrants' dietary patterns over generations and across groups. It can be used to study how dietary acculturation shapes health risk factors and diseases.
Background
Obesity and diet-related health conditions increase among immigrants as they spend more time in the U.S. [1] . This has fueled scholarly interest in dietary acculturation [2] and speculation that it is associated with a wide range of health problems [3] [4] [5] .
Dietary acculturation is usually measured by comparing macronutrients, specific foods, or eating patterns across groups that are assumed to be more or less acculturated because of duration of U.S. residence, English language proficiency, or nativity [6] . With few exceptions [7] [8] [9] , findings suggest that increased acculturation is associated with a less healthy diet [6, [10] [11] [12] .
A limitation of dietary acculturation studies is that acculturation is determined by comparing eating behavior among persons within a single group of immigrants often from the same national origin, such as Mexicans [11, 13] . We argue that new insights about dietary acculturation and its consequences can be gained by assessing how similar immigrants' eating behaviors are to U.S.-born people of all racial or ethnic groups. This approach better assesses the process of acculturation and whether it is similar for immigrants from different parts of the world because it estimates whether immigrants' diets tend to converge with American dietary patterns. Anchoring dietary acculturation to American dietary patterns also permits researchers to compare the extent of dietary change within and across groups.
We developed an anchored indicator of dietary acculturation, the ''Food Similarity Index'' (FSI) and demonstrate its validity and utility among children and adults from multiple racial-ethnic groups. The FSI can be replicated for different groups using publicly available National Health and Nutrition Examination Survey (NHANES) data.
Methods

Data and Sample
This study was approved by the Institutional Review Board at the Pennsylvania State University (IRB #34780). It was conducted using data from the continuous NHANES, pooled across multiple years (1999/00 through 2009/10). NHANES is a publicly available, nationally-representative, repeated cross-sectional study conducted by the Centers for Disease Control and Prevention. NHANES samples households and collects data from selected household members; children and adults may be selected from the same household. We used data from the 18,349 5-19 year old children and 27,365 adults ages 20-84 who participated in the NHANES day 1 dietary recall and did not report extreme dietary recall values (Kcal \500 or [8,000).
Measures
The FSI indicates how similar each individual's diet is to the diets of same aged U.S. born persons. It was constructed using NHANES dietary recall data collected by trained interviewers using the United States Department of Agriculture (USDA) Automated Multiple-pass Method. Day 1 recalls were conducted in person. Day 2 recalls were conducted by telephone 3-10 days afterwards. We only used Day 1 data due to high levels of missing data on Day 2. An adult familiar with the child's intake assisted in interviews with children ages 5-11. All recalled foods were coded by NHANES staff using the USDA Food and Nutrient Database for Dietary Studies [14] [15] [16] .
Calculating the FSI required three steps. First, we used dietary recall data from U.S.-born persons of any racial or ethnic group (limited to those with U.S.-born householders in the case of children) to assign each USDA 5-digit food category a rank score, r j , a . This score indicates its popularity, or rank ordering in grams, among all foods consumed by all U.S.-born Americans. To account for age variations in food preferences [17] we made these calculations among six age groups (a 1 = 5-9, a 2 = 10-14, a 3 = 15-19, a 4 = 20-39, a 5 = 40-59, a 6 = 60-84). For example, among U.S.-born children of U.S.-born householders age 5-9, the rank of broccoli was 86 because 85 other foods were more commonly consumed. In step 2 we assigned all persons the mean rank score averaged across all foods they consumed that day (S ia ). Thus both the U.S.-and foreign-born received scores, as both groups may eat uncommon foods. In calculating these averages, we weighted the rank scores by the proportion of food eaten (in grams):
where g i,j,a equals the grams consumed of food category j by person i of age group a. We used grams rather than calories to account for low calorie foods and zero-calorie drinks. The final step in creating FSI was transforming S ia . It was reverse-scored so that higher values indicating greater food similarity and then converted to a percentile normed against U.S.-born individuals in the appropriate age group. Thus, an FSI value of 50 indicates that a respondent's diet was as American as the median U.S.-born person in his/her age group. American, Hispanic, and Asian foods were identified by five different coders with very high reliability (a = .96). ''American'' foods were two top-ranked foods eaten by U.S.-born adults and children in the NHANES: soda and pizza. ''Hispanic'' foods included foods like tortillas and tamales. ''Asian'' foods included items like dumplings and stir-fried vegetables.
We created an indicator of time in the U.S., using generational status and duration of residence. Children were classified as (1) foreign-born with less than 5 years of U.S. residence, (2) foreign-born with 5 or more years of U.S. residence, (3) U.S.-born with a foreign-born householder or (4) U.S.-born with a U.S. born householder. Adults were classified as foreign-born with (1) 0-4, (2) 5-9, or (3) 10 or more years of U.S. residence, or as (4) U.S.-born.
We estimated diet quality using the 2010 Healthy Eating Index (HEI-2010), which can be produced using code provided by the National Cancer Institute (http://riskfactor. cancer.gov/tools/hei/tools.html). It is a scale ranging from 1 to 100 indicating the degree to which reported food intake conformed to Center for Nutrition Policy and Promotion (CNPP) guidelines.
All multivariate models controlled for age, sex (female = 1), and educational attainment (for adults or householders of children: \high school, high school, some college, college?), share of total grams of daily food consumed at home, and whether the dietary recall occurred on a Saturday or Sunday (weekend = 1). Multivariate models predicting HEI-2010 also controlled for the proportion of food (grams) consumed as snacks and whether the respondent ate breakfast and lunch.
Data Analysis
All analyses were conducted in Stata 12.0. We multiply imputed missing values separately for children and adults, using all analytic variables as predictors. We averaged empirical results across ten imputation samples and accounted for random variation across samples to calculate standard errors. We also adjusted estimates to account for the clustered and stratified NHANES sample design.
We first described the sample (Table 1) . We next validated FSI as a measure of dietary acculturation by estimating how consumption of American, Hispanic and Asian foods varied by FSI terciles ( Table 2 ). The remaining analyses illustrated FSI's versatility for exploring the pace and contexts of dietary acculturation. We evaluated FSI's relationship to generational status/duration of U.S. residency and other sociodemographic factors using OLS regression models (Table 3) , and showed how FSI can assess the nutrition impacts of dietary acculturation by estimating multivariate models predicting the relationship between FSI and healthy eating (Table 4) . We conducted eight separate sets of analyses for Hispanic, non-Hispanic white, non-Hispanic black, and other children and adults. The NHANES does not identify Asians separately from other racial/ethnic group. We suspect that a large share in the ''other'' group is Asian because 65 % of those who do not identify as non-Hispanic white, nonHispanic black or Hispanic are Asian. This rises to 92 % among the foreign-born (authors' calculation). Table 1 describes characteristics of our sample. The mean value of FSI was 49.4 for children and 48.0 for adults. HEI-2010 was 42.1 for children and 47.6 for adults. Nearly 60 % of children and adults consumed soda, and 22.0 % of children and 10.6 % of adults ate pizza. Roughly a third of children and adults consumed Hispanic food and about 1 in 6 consumed Asian food. For both children and adults, about two-thirds of food was consumed at home. Average values for other study variables followed expected sociodemographic patterns.
Results
Results in Table 2 suggest that FSI estimates dietary acculturation well. It was related to consuming American foods for all groups. For example, among Hispanic children and adults in the lowest food similarity tercile, 15.7 and 25.4 % drank soda, respectively. This increased across FSI categories, exceeding 90 % among both children and adults in the highest tercile. FSI was also related to less Hispanic food consumption among Hispanics, and less Asian food consumption among other race individuals. This illustrates FSI's flexibility: it can tap diet similarity with U.S.-born persons across racial/ethnic groups with different culinary traditions.
Results in Table 3 demonstrate FSI's capacity to identify the factors associated with dietary acculturation. Time in the U.S. indicated by generational status or nativity and duration of U.S. residence was associated with FSI for all race/ethnic groups among children (Panel A) and adults (Panel B). The only exceptions were foreign-born black children with 5 or more years of U.S. residence and foreign-born black adults with 5-9 years of U.S. residence, whose FSI scores were not significantly different from their U.S.-born counterparts, possibly due to low sample sizes.
Additionally, dietary acculturation may occur most quickly for Hispanics. As indicated by the ''a'' superscript, Hispanic foreign-born children with 5 or more years of U.S. residence and foreign-born adults with 10 or more years of U.S. residence had significantly higher FSI scores than those with less than 5 years of U.S. residence. There were no significant differences among the foreign-born for the other race/ethnic groups. Instead, the greatest differences were between the U.S.-born and all others. Surprisingly, FSI was not consistently associated with where people eat, when their diets were assessed, or with educational attainment. However, females had significantly less acculturated diets than males among nearly every group. Results about gender were similar when the sample excluded the U.S. born (not shown). Table 4 shows that FSI also predicts how dietary acculturation is related to diet quality. FSI was consistently associated with HEI-2010. For example, among Hispanic children, a percentile increase in FSI was associated with a reduction in HEI-2010 of about a tenth of a point. This association was significant and similar in magnitude across all race/ethnic groups among children and adults; supplemental analyses yielded nearly identical results when the U.S. born were dropped from the sample. Supplemental analyses also showed that the relationship between FSI and HEI-2010 tended to be flatter at lower levels of FSI and more strongly negative at higher levels.
Finally, we tested the sensitivity of FSI to different specifications. We constructed alternative FSI scores by modifying the detail of the U.S.D.A. food codes, which contain 8 digits, but can be truncated to broader categories. For example, all fluid unsweetened cow's milk codes share the same first 4 digits (1111), but 5 digits are required to distinguish non-fat (11113), low-fat (11112), and whole milk (11114). We estimated FSI with 4, 5, and 6 digit food codes. We also estimated FSI using alternative metrics to rank foods and weight rank scores: grams, calories, and the number of times the food was consumed during the day of the dietary recall.
1 Table 5 shows for children and adults of all race/ethnic groups how time in the U.S. is associated with each FSI variation net of confounders, and how the FSI variations predict HEI-2010 net of confounders. The association between time in the U.S. and FSI was stronger when more detailed food categories were used and when food was measured in grams or number of times consumed. Beyond this, results were remarkably consistent across the FSI variations, signifying FSI's robustness.
Discussion
In this study, we introduced the FSI, a new measure of dietary acculturation that compares respondents' dietary patterns with empirically-established dietary patterns among same-aged US-born peers. We demonstrated the 1 In additional sensitivity tests, we substituted the rank score (r j,a ) in Eq. 1 with indicators of how frequently the U.S. born consumed food j (f j , a ,) and the proportion of food (grams) in category j consumed by the U.S. born (p j , a ). We also tested raw versus percentiled FSI scores. Results were consistent across these specifications, but are not reported here due to space constraints. validity and versatility of this measure for children and adults across multiple racial/ethnic groups. We showed that FSI has face validity across nine alternative specifications. It was positively associated with consuming American foods, negatively associated with ethnic foods, and positively associated with time in the U.S. Additionally, FSI can be used to identify group variations in dietary acculturation. For example, males tended to have more acculturated diets than females, and dietary acculturation appeared to occur more quickly within the first generation among Hispanics than other groups, though our cross-sectional data prevent us from drawing conclusions about temporal change. Finally, FSI can assess healthful eating impacts of dietary acculturation. Consistent with prior research [2, 4, 5, 13] , it was associated with worse diet quality.
The FSI has the potential to advance dietary acculturation research. Unlike previous research that measures dietary acculturation within a single national-origin immigrant group, the FSI enables researchers to compare individuals' diets with U.S.-born peers and to develop consistent comparisons within and across different race/ethnic, age, and national origin groups. We found substantial differences in dietary acculturation by nativity and generational status, consistent with prior research [6, 12, 13] . Our study extends this research by quantifying these group differences and by being the first to show how processes compare across groups of children and adults.
The FSI does not measure diet quality. Instead, it examines how similar individuals' diets are to a typical American diet thus allowing researchers to empirically assess the importance of dietary acculturation for a host of health related outcomes. In this study, we demonstrated its link to a validated indicator of diet quality. Future research can use the FSI to better understand many other implications of dietary acculturation for health outcomes such as obesity, hypertension, and diabetes or for health outcomes in different contexts. For example, future research could use the FSI to examine what kinds of neighborhood contexts may protect immigrants from dietary acculturation or from negative outcomes associated with it.
The FSI has limitations, some of which are the result of the data available to construct it. It is based on self-reported NHANES dietary recall data, which has been evaluated for validity, effectiveness and accuracy [15, 16, 18] , but some people, including men and individuals who eat more, have difficulty documenting what and how much they eat [19] . Another limitation is that the FSI globally assesses dietary acculturation. It cannot provide insight about which foods drive food (dis)similarities. Future research could develop subscales, using the Healthy Eating Index subscales as a model. Finally, Americans and their diets are heterogeneous, yet the FSI gauges the similarity of individual's diets to the diets of all same-aged U.S. born. Future research could select different reference groups to compare food similarity, such as African Americans, highly educated U.S.-born individuals, or individuals living in the same region or state. Despite limitations, FSI is a new and flexible dietary acculturation measure that can push research on this topic forward in important and innovative ways.
